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ABSTRACT

Industrial production uses about 40% of the total energy consumed in the
United States. The major share of this is derived from fossil fuel.

Potential savin s of scarce fuel is possible through the u!^e of thermal
energy storage ?TES) of reject or process heat for subsequent use. Re-
sults of study contracts awarded by the Department of Energy (DOE) and
managed by the NASA Lewis Research Center have identified three espe-
cially significant industries where high temperature TES appears attrac-

tive - pap or and pulp, iron and steel, and cement. Potential annual
fuel savings with large scale implementation of near-term TES systems
for these three industries is nearly 9 r 106 bbl of oil,

INTRODUCTION

One of the many responsibilities of the Department of Energy (DOE) is
administering the Voluntary Business Energ y Conservatirn Program. This
program, under the guide l ines of the 1975 Energy P olicy and Conserva-
tion Act, requires major energy consuming irms within industries for

which energy efficiency improvement targets have been set to report
directly to DOE on their energy efficiency. The fact that industrial

production uses about 40% of the total energy consumed in the United
States indicates the tremendous potential that exists for significant
energy savings through a concerted effort by all concerned.

Major energy consuming industries, arranged by the two-digit Standard

Industrial Classification (SIC) Code, were assigned 1980 goals for im-

provement in ener Z- efficiency over their 1972 base level. As of the
first six months of 1977, the index of energyficiency was at an esti-
mated 9.2 per cent above the 1972 base level 111. Although very encour-
aging in regards to the overall energy savings implicit in this index,

the decline in the use of natural gas was offset by an increase in the
use of fuel oil.

As with every major problem, the solution for achieving maximum energy

savings lies in many approaches. One approach, knowr for decades but
relegated to the sidelines because of the past availability of rela-
tively cheap energy in the United States, is the recovery and use of in-

dustrial waste heat. Recognizing the increased importance of waste heat
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recovery and use, the former Energy Research and Development Administra-
tion (ERDA) funded a study to determine the economic and technical fea-
sibility of thermal energy storage (TES) in conjunction with waste heat
recovery u . This study was directed toward identifying industrie^l
processes ciaracterized by fluctuating energy availability and/or
demand, a key criterion for TFS applicahility.

At Ica .t 20 industries were ident ified as areas where thermal energy
storage had potential application to some degree. Responses to a Pro-
grain Research and Developm ent Announcement (PRDA) issued by [RDA shortly
after the conclusion of the feasihility study program resulted in con-
tract awards to study three industries in the high temperature
( >250 0C) TES area with potential significant energy savings. These
industries were paper and pulp, iron and steel, and cement. DOE's
Division of Energy Storage Systems awarded the contracts, and the NASA
Lewis Research Center provided the technical managtnnent. Major empha-
sis was given to TES systems and applications that have potential for
early commercialization within each s p ecific industry.

PAPER AND PULP

The forest products industry, as a whole, is one of the largest users

of fossil fuels for in-plant process steam generation. Boeing Engineer-
inq and Construction, with team memhdrs Weyerhaeuser Corp, and SRI

International, investigated the applicat' 	 of process heat storage and

recovery in the paper and pulp industry ^3^. For, this inve t'gation,
Weyerhaeuser's p,-,per and pulp mill at Lon gview, Washington Qj was se-
lected to assess the potential energy savings and to evalua a the effec-
tiveness of thermal energy storage in achieving these savings.

The paper and pulp operation at Long4rew consists of process systems
and a power plant  which supplies steam to the processes and the power
generation turbines. Figure 1 shows schematically the energy supply

characteristics without energy storage. The recovPr_v (liquor-kraft
black and sulfite from conventional chemical wood pulping) and waste

(hog fuel-wood waste produced by the various machining processes)

boilers provide a base load of steam generation while the oil/qas
boilers provide the time depencl-rit load. The primary goal of u5inq
thermal energy storage at Longview (and similar paper anti pulp mills

throughout the industry) is to substitute usage of more hog fuel for
the oil/gas fossil fuels.

The inability to follow rapidly changing steam demands with hog fuel

boilers requires the reduction of hoq fuel firinq in favor of increased

fossil fuel firing. However-, this can be overcome b y the use of thermal
energy storage. The hog fuel boiler would he operated at a higher hasp
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1 ti,tti, t he excess st eam Would be st ort'ti when the demand is low. anti stor-
ant, would tie dischar • ,iod when the deniani is high.	 The econoirics of steam
swing smoothing in the paper and pulp industry depends on the capacity
of ttit, sw ; nq giloothinq systVill arld the number of hours Per Year the Sys-
tem will 3110w hog fuel substitution f,ir• fossil fuel.

Il aily operational data from the LtWtgview plant was used it , evaluat y the
t`f f eti't i veness of t ht , 1 • n1aI on or q% st or'aat`. This pl vit was cons i Jere i re-
presentative of paper and pjlp mills w ►ltwo the potential exists for the
economic use of thermal erlergv storage. The analvse1 using this typical

mill data indicated that for a sycttwn .r. shown on Figure'	 a storage
tir►ce of shout 0.5 ht, ur'S with a stt,amin,t rate cats: itV of IN.000 lb/hr
wt'uld r'esu1; in 60,000) lh/hr of steam load transfer from fossil 'Fuel
h,iilers to the, ho,i fuel boiler.	 This corresponds to about a 50% retiuc-
tion in fossil fuel consumption for • load following,

Initial siti ng and cost estimates for St orattt , s y stem Conc ept s, were qen-
erated for a ran ge of steaming rates and Stor,itte time's. The results in-
tiicated t'-at for' stor• .1Nr times less than One hour. direct storage of
,^t0,1 111 Lis :,r,; a var'iahIV pressure steam accumulator was more ecollomi Cal iv
attr • ;cti •.t' than irldir'ect SenSihlt' ht'.lt ct01'agt .- uSiriq m t',iiA such as rock
0 i 1 or rock/ al Ycol combi nat i oils.

F igul 't' 3 shows the variabl y pr • t,I;SVIT ,l,-:emulator TLS con:ept,	 Steam
LISetl tot' Char • glliq sto ralit, 1r'1111i either ttie nigh ti t*ossurt` tit' i lit vrille,tl.itt`

p;'e'SSU ► 't, he ..00r huhh 1 VS t hr'out1h t he , sat ki r at ed wat Or C ont ,1i nt`,1 under
1) 	 in the vessel.	 The steam cort,tt`nses an,i transfers enertly to the
w,:o ter. rai:inq the Water's tempt'r',ttul'e' and prt`.:ur't'. Upon discharoinq
t0 the 104A pre [SUrt' ht',idt' r• , the Steam p rt,SStlr't' ,lhovt' tht' Water SUrt act'

is r'!'dll :Pd :,lU`lnq tht' 1AAt0t' it) ey a11 111 'att` . SlIptllVlnq Steam hilt loWer•lnq

the water's tt,nxreratu r t, and pressure.

Oil savings estimated for the Longvio% pl,mt is IN.A10 ht)l l yr' based 0.11
the transfer' of 60.000 lh;! hr Of 00,1 1 1 1 loa,1 frewll the fossil fuel boilers
to the hog fuel h. ' ile r .	 A surve y 11 0 t• for • tlted USinq data Supplied bV the
American Paper 111:titutt' indicated that thert, are 30 can,iidate , mills
that t'ithe'r 1MVe' 110w of Will have b

'
, l t),So. oper at inks char,l: ter'istics

similar • to the longvieA pl,tr.t.	 Tht`r-et, l rt`, p otential near -term

fossil fuel s.tvirlils MT pr'o t'; tod a: hernq 3 x 106 hhl'Vr•.

Ertt'r • yv rt'Sour'ce and	 impact studies completed bV SR. Inter-
national indicates potent 0l long-form (2000' fuel SavingS of l;^ x
lsi r' bbl 'vr based on ,1 10% shift in steam gent` ration from gas ,111,1 oil
to hot] fut'l .1n,i coal due to T[S uSo.	 This also talc's into account the
addition,ll Cogt'neration a:companvinq this shift an,i the resultant
t100'03"t' 111 Purchased elt,:tricit y .	 'his displ act""lent of qas and 011
will decrease tht, nationa! sulfur • di00,io emissions but will r •esUlt in
an incr'ea^o in the nation's par'tiCUlatt' entiSSionS - rouijhl% , tWO pounds
of SO, r'V111,1\1 0d f or e:'ach pound Of particulate' added,
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Preliminary economic evaluation shnws a potential return on investment

(R01) for this TES system in excess of 30% over a 15-year return and de-

preciation period. The conceptual system using a steam accumulator•
appears technically and economic.illy feasihle. Because of the avail-
ability of all the required technology, implementation would riot require
technology development or a reduced scald technology validation.	 In-
stallation at full scale in r,ne of the candidate mills utilizing commer-
cially available equipment could be accomplished within a two-year time
period for 	 cost of less than one million dollars.

IRON AND STEEL

The primary iron and steel industr y accounts for about 11% of the total
national industrial energy usage. Rocket Research. with team members
Bethlehem Steel Corporation and Seattle City Light, investigated the

use of therm.il energy storage with recovery and reuse of reject heat
from ti "1 processing in general and electric arc steel plants specifi-

cally =J. Thermal analysis of the complex heat availability patterns
from s eel plants indicates significant potentially recoverable energy
at temperatures of 600 to 28006F.

A detailed assessment for Bethlehem's Seattle scrap metal refining

plant was made of the energy sources, energy ?nd uses, thermal energy

storage systems, and system flow arrangements
	

This plant is typical of

electric arc furnace installations throughout the United States, allow-
inq results of this site-specific study to be extrapolated to a national

bads,

The hot qas in the primary fume evacuation system from a pair of elec-

tric arc steel remeltinq furnaces was selected as the best reject energv
source. Presently, the dust laden fume stream is water quenched and

then ducted to the du ,,t collection system prior• to discharge to the at-
mosphere. The new flow arrangement shown in Fiqure 4 would have the un-

quenched fume stream flowinq through the energy storage media prior to

discharge. The solid sensible heat storage media would have to be able
t) withstand the hot gas temperature which could he as hiqh as 3000OF

while averaqinq about 1750 0F. Potential materials are refractory
brick, slag or scrap steel.

r1

	

	 Two energy storage beds are required. The oper • atinnal storage bed
serves to time average the widely fluctuatinq temperature of the energy
source. The peak i nq storage bed serves to hold energy Until the demand
arises. During cha'gino, all of the furnace-gas discharge flow goes
throuqh both storage bras and is exhausted through the baghouse, the

dust collection seistem.

During peak demand periods, the combined streams from the furnace

(through the operational storage) anti the peakin q storage (in a
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reversed flow direction) would flew through the heat exchanger to
create steam to drive the turbogenerator. Upon initial discharge of
t he peaki ng store, ambient ,iir • is drawn in through the lower fan valve
arrangement . When the required f 1 ow r • at e t hrouV.h the peaking bed is
established, the ambient air valve is closed. At the exit of the heat

exchanger, qas flew is divided, with a portion goinq to the baghouse
and the rest providing the peaking storage discharge qas stream.

	

`	 To complement the assessment. Seattle Cit y Light provided data on

	

11 	electricity costs. The economic be- fits to he derived from the use of
enorgy storage to provide peak power generation is a direct functi.)n of
either a oieman,l char ge, time of day pricinq. or a combination of both.
The conceptual system proposed for the Bethlehem plant would result in
a payback per• i o^ei of about five years depend i nq on the comb i nat ion of
electr • ieity costs and size of the power • generation equipment. For

	

;t	 example« a system providing a four-hour peak stor.ide capahility and gen-

	

!f	 eratinq 'MW of peak demand electricity would result in a five-year

	

t	 payh ack per i o ti if it wort, di spl ac i nq peak power at a cost of 100kwh.

Assuminq fossil fuel is required to produce peak power. annual oil
savings attributed to TES at a plant with a daily production of 1;'00

tons for 300 days/ v r • would he about 16000 bbl. The potential electric
ar• c steel industry annual oil savings could approach ^ x 106 bbl
hased on a projected annual production of 50 x 106 tons by 1985. In
th;s casc• . there would he a direct reduction in sulfur • dioxide emissions
without „n associated increase in i)art iculates as for the paper and pulp

	

E •	 project i Otis.

The TES concept development in this stud y y ielded favor• ahle predictions
of fossil fuel di sill acenrent and i nvo0mont returns.	 However. the
approach isn't ready to he applied directly to a full scale demonstra-
tion without an interim concept development period. Experimental scale
St Ud i es of 1 ar• ge. gr M111 1 1r' nlaStieS in t he hl qh temperat ure reg ion (up to
I r,OO o'F) arc' required.	 Data from these studies wou1,1 provide design
criteria needed to verif y analytical models for hiqh temperature appli-
cations.	 The effect of the part ieuIites in the fur • naci . exhaust stream
on the heat storage moJia mutt ,also he determined and resolved if detr • i -
mental, Successful completion of SUCK a development phase could lead

to a shall scale doinonst rat ion followed by a full -scale system demon-
st rat ion in an operating electric arc steel plant. Such a program
would take about S year's and cost between 5 and 10 million dollars.

CEMENT

The cement industry is the sixth largest user of enorc - in the United
States. E i qht y percent of the energy used is consumo •d as fuel for the
k i l n open it i on. Mart i n Mar i et t o Aerospace. w  t h team me'mber's Mart i n
Mari et  a cement and t he fort 1 and Cement Assoc i at i on, i nvest i qat ed t he
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use of thermal ever	 torage in conjunction with reject heat usage in

the cement industryL6J. Thermal performance and econewnic analyses were
r• °peor•mr-hi on candida a storage systems for four typical cement pl.;rits

representing various methods of manufacturing cement. Basically, plants
with lung, dry-process kilns and grate-type clinker coolers offer the

best choice for reject energy recovery.

An assessment of potential uses of the recovered energy determined that

the best use for it would he in a waste heat boiler to produce steam
fordriving a turbogenerator to produce electricity for in-process use.

Approximately 75% of a plant's electrical requirements could he met
with on-site power genvr• atiorr. However, this reject heat source for

the steam boiler is not available when the kiln is down for • maintenance

of either the clinker cooler grate or• the kiln. At this time. the power

demand for other cement plant operations must be ohtai ned from a

utility.	 This would require demanding 1,11 • (10 amounts of utility power
for short periods of tine, e.g. 5 to 10 MW for 2 to 24 hours. The cost
to the plant in peak power rates and to the utility in maintaining ex-

cess peaking capacity is significant. The other alternat i ve is to cur-
tail other plant operations such as raw or finish milling.

This problem could be alleviated by usin q t:,ennal energy storage to re-

duce the utility load demand. By charginq the storage unit while the

kiln is oper• atinq, the stored Dermal energy would be available when t' e
kiln is down. The storage concept proposed in conjunction with dr v-

process kilns uses a solid sensible heat storage material such as maq-

nesia b-ick, granite, limestone, or • even cement clinker. The storage

system would use two separate thermal stores as shown on Figure S. One
would store hiqh t0mp0raturV (1500 oF) reject heat from the kiln exit

gas. The other would store low temperature (450 0F) heat from the

clinker cooler excess air. These two separate storages would be charged

independentl y but dischar ged in series. Ambient air would be passed
through the low temperature TES units and heated to about 400 0F. It

would then he heated to a` ►out 1200 0F while passinq through the hiqh

temperature TES units. The heated air would then flow through the waste

heat boiler' and generate steam to produce electricity.

Storage system sizing for typical cement plants indicates that provision

for 24 hours of power • production at about 10 MW would he a beneficial

size in relation to normal plant operation. Ourinq kiln operation 80-

90% of the kiln exit gas would get directl y to the waste heat boiler, to
produce electricity while the rest would pass through the high tempera-

tore storage unit. Therefore, it would take roughly one week to charge

the system to its full 24 hour w'thdr• awal capacity.

An economic evaluation of the s ysi:em indicates that a 10 MW w,1ste heat

hoiler/power plant/TES installatici would cost about 10 million dollars.

A 90% R01 was calculated for 	 30-yr system life and an average energy

cost of 2.8t/kwh. About 15% of this ROI can be attributed to the TES

I
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system. Again, assuming fossil fuel is originally required to produce

th5is w,,ste-heat derived power, a potential energy savings of about 4 x
10 h`.l of oil per year is projected. This is based on utilizing the
ce,lent industry's current installations of about 120 long dry kilns. As
with the steel industry storage/generation systems, this represents a

potential direct reduction of sulfur dioxide emissions.

There is another similarity between the cement punt and steel plant

systems. The necessity for a phased technology development and valida-
tion program through full scale demonstration also exists for the cement

plant system. Estimates of 8 years and 5 to 10 million dollars appear
to be valid for such a program.

SUM'4ARY

From the response to ERDA's FY 77 Industrial Applications PRDA, three

attractive industries which could utilize high temperature thermal
energy storage were selected for study. These industries are paper anJ

pulp, iron and steel, and cement which account for 25% of the total
national industria l energy usage.	 Potential annual fuel savings with

large scale implementation of near-term thermal energy storage systems
for these industries is nearly 9 x 106 bbl of oil. This savings is
due to both direct fuel substitution in the paper and pulp industry and

reduction in electric utility peak fuel use through in-plant production
of electricity from utilization of reject heat in the steel and cement

industries. Economic analyses for all of these systems indicate
potential return on investments from 30 to
90%.

CONCLUDING REMARKS

The results of these three studies appear to be so attractive that the

question immediately arises - "If it looks so good, why aren't the in-
dustries involvod already doing it on their own?" Perhaps the answer

to this question	 n be found in a recent article on energy related cap-
ital investment 17^. The point beinq made in this article is primarily
that most companies set the rate of return from criergy-saving invest-
ments at a level about twice as high as that for mainstream business in-
vestments. Discretionary investments that do not increase productivity

have a low priority.	 In addition, paper studies without the visible

proof of a working demonstration do not stimulate the flow of working
capital that is already in limited supply.

The ultimate objective of the effort summarized in this paper is the
demonstration of cost-effective thermal energy storage systems capable
of contributing significantly to energy conservation. To achieve this
the Department of Energy's role is that of a catalyst to bring these
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systems to the, point that thew will be accepted and widely implemented
throughout the various industries. This effort has shown that a full
scale working systen for• the paper and pulp industry could be available
in the ver v near term at mekier at e ,-os t . Other systems, Although deven-
dent on further technologv develo;vrent and significant capital invest-
Merit, appear capable of being implemented within the nest eight Years,
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